Objectives: To determine the frequency of micronucleated cells and micronuclei in oral submucous fibrosis patients and to compare with healthy individuals. Study design: Twenty patients with oral submucous fibrosis and twenty age-sex-matched healthy individuals as control group participated in this study. Exfoliated cells were obtained by scraping from right and left buccal mucosa and were screened for micronucleated cells and micronuclei. Frequencies were compared between oral submucous fibrosis and control group. Also comparison was made between chewing site and non-chewing site of buccal mucosa. Results: Frequency of micronucleated cells and micronuclei in oral submucous fibrosis patients ranged from 0.6% to 5.3% and 0.50% to 5.74%, where as in control group ranged from 0.5% to 0.9% and 0.22% to 0.88% respectively. Micronucleated cells and micronuclei in oral submucous fibrosis patients were statistically significantly elevated (p < 0.05) as compared to control group. The mean percentage frequencies were higher on chewing site; however there was no statistically significant difference. Conclusion: The present study revealed an increase in micronuclei in oral submucous fibrosis patients compared to healthy individuals. With gutkha chewing habit in younger age, chances of malignant transformation are high relatively. Thus micronuclei test can be used as an early indicator of genotoxicity in oral submucous fibrosis.
Introduction
Oral submucous fibrosis is an insidious, chronic disease which was first described in the early 1950s (1). It is characterized by changes in the connective tissue fibers of the lamina propria and deeper parts leading to stiffness of the mucosa and restricted mouth opening (2). This disease is predominantly seen in India, Bangladesh, Sri Lanka, Pakistan, Taiwan, China and among other Asiatics, with a reported prevalence ranging up to 0.4% in Indian rural population (1). Studies have shown that areca nut as the major etiological factor in the pathogenesis of OSMF. There are regional variations in the type of areca nut products used in India and betel quid was the most popular and prevalent habit in ancient Indian culture (3). However in recent times, both areca quid (AQ) products such as pan masala and gutkha (AQ and tobacco) are introduced in Indian market. Habitual gutkha users have shown to present with OSMF at earlier ages compared with traditional betel quid users. A gutkha sachet weighs ~3.5 g and contains 7% moisture, whereas the net weight of a betel quid is nearly 4 g (with ~1.14 g of tobacco) and contains 70% moisture. Because gutkha users tend to consume more dry weight of tobacco, areca nut, and slaked lime, they may be exposed to OSMF at earlier ages compared to other types of betel quid users (4). OSMF is a well-recognized potentially malignant condition. Malignant transformation rate was found to be in the range of 7-13%. According to long term follow-up studies a transformation rate of 7.6% over a period of 17 years was reported (5). To evaluate the genotoxic risks or effects of gutkha users in OSMF, DNA damages can be assessed by chromosomal aberrations, sister chromatid exchanges and micronucleus (MN) test. Out of all these, MN test is found to be most sensitive, non invasive and very economical procedure (6). Thus, micronucleus in a cell represents an "internal dosimeter" to estimate exposure to genotoxic and carcinogenic agents. The aim of the present study was to determine the frequency of micronucleated cells (MNC) and MN in OSMF and to compare with the healthy individuals.
Methods
The study comprised of a total of forty cases of both the sex. The patients were selected from among those visiting the Outpatient Department of Oral medicine and radiology, SDM Dental College and Hospital, Dharwad. The study protocol has been approved by institutional ethical committee. The study group comprised of twenty cases of oral submucous fibrosis and twenty cases of age and sex matched healthy individuals as control group. Informed consent was obtained from all participants prior to inclusion in the study. A detailed history was obtained from each participant with particular reference to type of chewing habit, duration of chewing, frequency of chewing and site of chewing. Clinical examination of the subjects was performed examining several factors. The degree of mouth opening (MO) was measured to determine the clinical staging in OSMF.
Sampling of Exfoliated Cells:
For the screening of micronuclei, exfoliated cells were obtained by scraping the buccal mucosa with a sterile spatula. Prior to sampling, all participants were asked to rinse their mouths with water to remove residual food particles. The cells were transferred directly onto a precleaned microscopic slide, allowed to air-dry, and then fixed in 70% isopropyl alcohol.
Quantitating Micronucleated Cells:
The cytoplasmic assessment was performed by two authors in blinded fashion. Fixed smear were stained by Papanicolaou stain and counterstained with Harris hematoxylin. All the slides were observed under light microscope using low magnification (×100) for screening and high magnification (×400) for counting of micronuclei. The most commonly used method was zigzag method for screening of the slides. Cells with intact nuclei and cell boundaries were counted. A total of 1000 cells were counted in the smear from right and left buccal mucosa of each patient for the presence and number of MNC and number of MN in each cell. The criteria for designating an extranuclear body as micronucleus ( Fig.1) were given by Stich et al. (7) The percentage frequencies of MNC and MN were recorded. Comparison was done between OSMF group and control group. Furthermore comparison was also done between chewing site and non-chewing site in OSMF group. The statistical evaluation of the data obtained was done using unpaired t test. P value < 0.05 is considered statistically significant.
Results

Patients characteristics:
The mean age of the test and the control group was 26.7 years and predominantly males (18/20). Of twenty patients with OSMF, 18 patients (90%) chewed gutkha (areca nut, catechu, cardamom, lime, chewing tobacco and artificial flavors) and only 2 patients (10%) chewed areca nut alone. The type of habit, duration of chewing, amount of gutkha, site of chewing are shown in Table 1 .
The duration of addiction of the chewing habit in sixteen patients was in average of one to ten years, and in them maximum number of patients developed OSMF in one-two years. Majority of the patients (16/20 patients) chewed gutkha with a frequency of 11-20 pouches per day for 5 to 10 minutes. In twenty cases with OSMF, ten cases chewed gutkha on right side and ten cases on left side of buccal mucosa. The average mouth opening of the patients with OSMF was 19.75 mm as measured from upper to lower central incisor. Out of twenty cases with OSMF, on clinical staging 3 cases were in group I, 11 cases were in group II, 5 cases were in group III and 1 case was in group IV respectively.
Micronucleated cells:
The frequency of MNC and MN in OSMF group ranged from 0.6% to 5.3% and 0.50% to 5.74% respectively, where as frequency of MNC and MN in control group ranged from 0.5% to 0.9% and 0.22% to 0.88% respectively. The mean percentage frequencies of MNC and MN in OSMF patients and normal controls are shown in Table 2, Table 3 . Using an unpaired-t test, it was found that both MNC and MN frequency in OSMF patients were statistically significantly elevated (p < 0.05) as compared to that in control group. Comparison was done between chewing side and nonchewing side of buccal mucosa. The mean percentage frequencies were higher on chewing side than on nonchewing side of buccal mucosa; however there was no statistically significant difference between the two groups, which is shown in Table 4 .
Chewing habit
Duration of habit
Amount of Gutkha
Site of chewing
Comparison of clinical staging in OSMF with micronuclei was also done. Frequencies of micronuclei in different clinical stages were observed to be as follows-3 cases in group I showed mean percentage MNC frequency of 1.0433%, 11 cases in group II showed 1.6545%, 5 cases in group III showed 1.956% and 1 case in group IV showed 5.3% respectively. The frequency of micronuclei was observed to increase from group I to group IV. However comparison of clinical staging with micronuclei frequency could not be studied statistically, because of unequal sample size in each group of clinical staging (Fig.2) .
Discussion
Gutkha chewing is a popular oral habit with potential links to the occurrence of oral cancer (4). Many studies reveal that areca nut extract may demonstrate mutagenic and genotoxic effects, in addition to inducing preneoplastic as well as neoplastic lesions of oral cavity. Reactive oxygen species produced during auto-oxidation of areca nut polyphenols are crucial in the initiation and promotion of oral cancer (8).
These carcinogenic agents induce various kinds of DNA damage. Current predictive indicators of DNA damage are chromosomal aberrations and micronuclei. A micronucleus is a small extra nucleus separated from the main nucleus and is generated during cellular division when a chromosome fragments or divides late. Micronucleus assay has been used to determine the genotoxic and mutagenic potentials of various physical and chemical agents which could lead to the production of micronuclei (6). An early diagnostic test would be highly beneficial to check the progress of OSMF to squamous cell carcinoma, as shown that pre-malignancy occurs much before malignancy. Buccal mucosa is seen to be the most affected, as it is the most accessible site in the oral cavity, and its covering epithelium is non-keratinized. In addition, more surface area of the mucosa is exposed to the insults in the oral cavity, making it more vulnerable to changes. Majority of the studies from 1985 till date have shown significant increase in MN in buccal exfoliated cells in chewers of betel quid compared to healthy individuals (9). In addition frequency of micronuclei was significantly higher in smokers with chewing a mixture of be- tel leaf, areca nut and tobacco than that in chewers who did not smoke (10, 11). In the present study, frequency range of 0.5% -0.9% of MNC and 0.22% -0.80% of MN and mean percentage of MNC and MN of 0.3930 and 0.4208 respectively, was obtained for the control group (Table 2 and 3) . Regional variation is seen in the mean percentage of micronucleated cells in normal populations as shown by the different values in different studies. Stich et al. (7) showed the mean percentage of MNC in the buccal mucosa of controls in Orissa population as 0.39 and 0.44% in the populations of Meghalaya. The difference in the frequencies of micronucleated cells in the control group could be due to the different food habits of the population groups studied. Man ingests various types of mutagens and/or carcinogens in his daily diet, and that could be the reason for the variable level of micronucleated cells (6). In the present study, OSMF group showed MNC and MN range of 0.6-5.3% and 0.50-5.74% respectively (Table 2 and 3). There was increase in mean percentage of MNC and MN in OSMF patients of 1.7160% and 1.9395% as compared to the control group and showed statistically significant difference between the two groups (p < 0.05). In addition, increased frequency of cells containing multiple micronuclei in OSMF was observed. These observations indicate genetic damage, which correlates with precancerous nature of OSMF predisposing to malignant transformation. Desai et al. (12) also reported similar results in a study conducted on the exfoliated cells of patients with precancerous oral lesions, like oral submucous fibrosis, leukoplakia and lichen planus. They showed a highly significant increase in the mean micronucleated cells in OSMF as compared to their control group. Similar results were also seen in study done by Saran et al. (13) Ahmad et al. (14) has shown strong association of gutkha with OSMF. Gutkha chewing produced OSMF in a very shorter duration of 4years as compared to raw areca nut and other products like pan and pan masala. Similarly in the present study maximum patients chewed gutkha and developed symptoms of OSMF within 1-2 years with frequency of 11-20 pouches per day. A comparison was also made between the mean percentage frequency of MNC and MN in OSMF depending on the site of gutkha placement i.e. chewing site and nonchewing site of buccal mucosa (Table 4 ). The micronucleated cell counts were found to be higher in chewing site compared to the non-chewing site; however there was no statistically significant difference. The involvement of gutkha containing areca nut and tobacco in the induction of micronucleated cells can also be deduced from the higher frequencies of mean percentage MNs at the site at which gutkha product is placed as compared to the opposite non-chewing site in the oral cavity. However the presence of MNC in the non-chewing site could be due to the distribution of genotoxic agents through saliva. Similar results were obtained in a study comparing the habit of tobacco placement in affected and unaffected site and showed increase in MNC in affected site where the tobacco product was constantly placed (6). Frequency of MNC and MN were increased with increase in clinical staging (Fig.2) . However comparison of clinical staging with micronuclei frequency could not be studied statistically. One case of OSMF in group IV clinical staging showed mean MNC of 5.3. This might probably notify that there is malignant transformation taking place. Comparing of clinical staging of OSMF with micronuclei in our study is found to be the first study in literature, although studies with comparison of clinical staging in squamous cell carcinoma with micronuclei are available (15). The variations in the micronucleated cells may be attributed to the factors like ingredients in the quid, the number of quids per day and different lifestyles, gender, age and food habits (16). Although OSMF is irreversible and persists even after cessation of the chewing habit, it may be hypothesized that cessation of the gutkha-chewing habit may help to reduce the severity of the condition and may also prevent its progression to malignancy. To conclude from this study, the noninvasive screening technique can be used for management of subjects under carcinogenic risks after exposure to genotoxic agents. By raising awareness about the negative effects of gutkha, the prevalence of OSMF and oral cancer might decrease among adolescents. This may also assist in improving the quality of life in these individuals.
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